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The Brayton cycle is one of the typical and familiar cycles. The Brayton engine 
cycle is used in the steam power plants and air propellant systems widely, while the 
Brayton refrigeration cycle is used in the refrigeration and cryogenic fields more and 
more widely. However, the lower the temperature is, the stronger the quantum 
degeneracy of the working substance of the cycle. Consequently, the influence of 
quantum characteristic of the working substance on the performance of the cycle has 
to be taken into account. Like other thermodynamic cycles, it is very important not 
only in the theoretical research but in the practical application to investigate the 
quantum Brayton refrigeration cycle. It will be helpful to promote the development of 
cryogenic refrigeration technology. 
In this thesis, the performance characteristics of the quantum Brayton 
refrigeration cycle using an ideal Bose or Fermi gas as the working substance are 
researched. In chapter 2, the thermodynamic properties of an ideal Bose gas and 
Fermi gas are introduced. It is pointed out that due to the existence of Bose-Einstein 
condensation for the Bose gas, some typical thermodynamic cycles such as the Carnot, 
Brayton, Otto, Ericsson, Diesel and Atkinson cycles cannot be operated across the 
critical temperature of Bose-Einstein condensation of an ideal Bose gas. In chapter 3, 
an irreversible regenerative cycle model of the quantum Brayton refrigeration cycle 
using an ideal Bose gas as the working substance is established. Based on the theory 
of statistical mechanics and thermodynamic properties of an ideal Bose gas, the 
expressions for some important performance parameters, such as the refrigeration load, 
regenerative heat load, work input and coefficient of performance are derived. By 
using numerical calculation, several important performance characteristic curves are 
generated. The influence of the quantum degeneracy, irreversibility and regeneration 
on the performance of a Bose Brayton refrigeration cycle is analyzed. In chapter 4, an 
irreversible cycle model of the quantum Brayton refrigeration cycle using an ideal 














the degeneracy of the quantum gas, the internal irreversibility of the working 
substance and the finite-rate heat transfer between the working substance and the heat 
reservoirs on the optimal performance of the cycle is investigated. Some optimum 
criteria of the cycle are given. The results obtained indicate that the optimal 
performance characteristics of the irreversible quantum Brayton refrigeration cycles 
using ideal Fermi or Bose gases as the working substance are different. The results 
obtained here will not only provide some theoretical bases and references for the 
optimal design and manufacture of air refrigerators but also play an important 
promotion role for the further investigation of ultra-low temperature air refrigerators.  
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第一章                                引言 













指标有 4.2K/1.5W, 4.2K/2.2W, 50K/20W, 主要以 4.2K机为主[1,4]；脉管制冷机，
利用高低压气体对脉管腔充放气过程而制冷，是国际上目前研究最活跃的一种制
冷机，有多种型式，美国TRW公司研制的空间用脉管制冷机，65K/410mW, 总
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